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INSTRUMENT FOR MEASURING FUEL
INJECTION TIME

BACKGROUND OF THE INVENTION

This invention relates generally to automotive electrical
test instruments and in particular to a test instrument for
measuring the fuel injection time of any of a variety of
electrical fuel injectors.

Fuel injectors have largely replaced carburetors in gaso-
line engines in automotive applications. Electronic fuel
injection systems employ solenoid-operated fuel injectors
that depend on an electrical signal to open and close a fuel
valve. Several types of fuel injection systems currently exist
including monopoint and multipoint systems. Monopoint
systems employ one fuel injector for all cylinders of the
engine. Multipoint systems employ a fuel injector of each of
the cylinders of the engine.

A typical solenoid-operated fuel injector operates by
energizing the solenoid coil according to an injection pulse
to lift a needle valve so that fuel can flow through to create
the fuel injection. The duration of the fuel injection is
adjusted depending on the engine parameters, including
intake airflow and engine speed, to produce a desired power
output.

In the service and maintenance of fuel injected engines,
test instruments are called upon to determine the duration of
the fuel injection, commonly called the injection time, using
the electrical signal measured across the fuel injector. Mea-
suring the injection time is made more difficult by the fact
that a number of different types of fuel injectors exist that
create different types of fuel injection signals. Therefore, it
would be desirable to provide a test instrument for measur-
ing the injection time in any of the variety of the known
types of fuel injectors.

SUMMARY OF THE INVENTION

In accordance with the present invention, a test instrument
for measuring the injection time of different types of elec-
trical fuel injectors is provided. The test instrument is
coupled to receive an injection signal from any of a variety
of known types of fuel injectors and over a range of injection
times and repetition rates. The injection signal is digitally
sampled and stored in memory. The first edge is defined as
anegative going transition exceeding the predetermined step
size. The second edge is defined as positive going transition
exceeding the predetermined step size and followed by a
voltage level substantially equal to the battery voltage Vbatt
exceeding a hold time. The injection time is the time
difference between the first and second edges and is deter-
mined according to an algorithm executed by a micropro-
cessor which operates on the stored injection signal. False
edges that occur before the second edge as generated by
some types of fuel injectors are rejected because the voltage
level is not substantially equal to the battery voltage for a
predetermined hold time.

One object of the present invention is to provide a test
instrument for determining the injection time of a fuel
injector.

Another object of the present invention is to provide a test
instrument for determining the injection time of any of a set
of different fuel injector types.

An additional object of the present invention is to provide
a method for determining the injection time from a fuel
injection signal by determining first and second edges while
rejecting false edges.
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Other features, attainments, and advantages will become
apparent to those skilled in the art upon a reading of the
following description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing (not to scale) illustrating the appli-
cation of a test instrument according to the present invention
to a fuel-injected internal combustion engine;

FIG. 2 is a simplified block diagram of the test instrument
of FIG. 1,

FIG. 3 is a schematic drawing of a typical fuel injector
coil and associated switch which develops an injection
signal;

FIG. 4 is a graphical plot of the injection signal according
to a first type of fuel injector;

FIG. 5 is a graphical plot of the injection signal according
to a second type of fuel injector;

FIG. 6 is a graphical plot of the injection signal according
to a third type of fuel injector; and

FIG. 7 is a simplified flow diagram of the method of
obtaining the injection time according to the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates the application of a test instrument 10
operating according to the present invention. The test instru-
ment 10 is coupled to a fuel-injector in a fuel-injected engine
20 by a voltage probe 30. The fuel-injected engine 20 has an
electronic fuel injection system that may have only one fuel
injector, as in a monopoint fuel injection system or the
fuel-injected engine 20 may have a multipoint fuel injection
system, typically with one fuel injector per cylinder. In the
service and maintenance of the fuel-injected engine 20, it is
desirable that the injection time of any of the fuel injectors
be readily determined with no need to adapt the test instru-
ment 10 to the particular type of fuel injector being mea-
sured.

FIG. 2 is a simplified block diagram of the test instrument
10 operating according to the present invention. An injection
signal 40 is coupled via the voltage probe 30 to an analog to
digital converter (ADC) 50 which converts the injection
signal 40 to a stream of digital samples. An output of the
ADC 50 is coupled to a memory 52 which stores the stream
of digital samples in a time-ordered manner that preserves
the waveshape of the injection signal for later analysis. The
ADC 50 samples the injection signal 40 at a sample rate and
a sample resolution to accurately reconstruct the waveshape
in the memory 52 and over a measurement time period long
enough to include at least one complete injection pulse.

A microprocessor 54 is coupled to the memory 52 to
receive the stored digital samples and determine the injec-
tion time using an algorithm according to the present inven-
tion. The injection time results, along with the waveshape of
the injection signal 40, may then be coupled to the display
56 for visual display.

FIG. 3 is a schematic diagram of a fuel injector coil 60
coupled in series with a switching transistor 62. The switch-
ing transistor 62 switches on and off in response to a control
signal 64. Other switching elements, such as field effect
transistors (FET’s) may readily be substituted for the bipolar
transistor shown as the switching transistor 62. The series
combination of fuel injector coil 60 and switching transistor
62 is coupled between a battery voltage Vbatt and ground.
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The voltage developed between the fuel injector coil 60 and
ground is the injection signal 40.

FIG. 4 is a graphical representation of the injection signal
40 shown in the form of an amplitude versus time plot
representing the image formed by the digital samples in the
memory 52. The waveshape as shown is that of a saturated
driver fuel injector in which the switching transistor 62
remains ‘on’ or saturated for the duration of the injection
time. The saturated driver fuel injector is the simplest type
in which to determine injection time because there are no
false edges that would otherwise interfere with the measure-
ment.

In the method of the present invention, an edge is defined
as a voltage transition exceeding a minimum step size equal
to 80% of the battery voltage in less than a predetermined
step time. In the preferred embodiment, the predetermined
step time is 40 microseconds or roughly two adjacent
samples at the sample rate of 500,000 samples per second.

The first edge is defined as a negative going voltage
transition exceeding the predetermined step size. The second
edge is defined as positive going voltage transition exceed-
ing the predetermined step size and followed by a voltage
level substantially equal to the battery voltage Vbatt exceed-
ing a hold time. The positive voltage peak following the
second edge is caused by the inductive reactance of the fuel
injector coil 60 which occurs whenever the switching tran-
sistor 62 is opened. Additional circuitry within the fuel
injector circuit to clamp or limit the peak voltage developed
by the fuel injector coil 60 may be added without affecting
the operation of the present invention. The hold time is a
predetermined amount of time that is chosen to optimally
distinguish the desired second edges from the undesirable
false edges and may be arrived at by a reasonable amount of
experimentation based on the maximum expected repetition
rate of the injection signal 40.

In FIG. 4, a first edge 70 is found as a negative going
voltage transition of a level exceeding the predetermined
step size in less than the predetermined step time. A second
edge 72 is found as a positive going voltage transition
followed by a voltage substantially equal to Vbatt exceeding
a hold time 74. The injection time is then determined from
the time difference between first edge 70 and second edge
72.

FIG. 5 is a graphical representation of the injection signal
40 shown in the form of an amplitude versus time plot
representing the waveshape of a modulated driver fuel
injector. A first edge 80 is found as a negative going voltage
transition of a level exceeding the predetermined step size in
less than the predetermined step time. Following the first
edge 80, the switching transistor 62 remains ‘on’ long
enough to open the fuel injector but then turns off to obtain
a false edge 82 followed by a period of modulation which
holds the fuel injector open but with less power dissipated in
the injector coil 60.

The modulation characteristics are determined by the
control signal 64 that is applied to the transistor 62 which is
in accordance with the industry standards for modulated
driver fuel injectors. Because the false edge is not followed
by a voltage that is substantially close to Vbatt for a hold
time 84, the false edge 82 is rejected in favor of a second
edge 86 which is followed by a voltage that is substantially
close to Vbatt for a hold time 88. The injection time is then
properly determined from the time difference between the
first edge 80 and the second edge 86.

FIG. 6 is a graphical representation of the injection signal
40 shown in the form of an amplitude versus time plot
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representing the waveshape of a peak and hold driver fuel
injector. A first edge 90 is found as a negative going voltage
transition of a level exceeding the predetermined step size.
Following the first edge 90, the switching transistor 62
remains ‘on’ long enough to open the fuel injector but then
turns off to obtain a false edge 92 followed by a period of
current limiting which holds the fuel injector open but with
less power dissipated in the injector coil 60. The voltage
level during this period remains at Vhold but which is not
substantially different from the voltage level Vbatt. Because
the false edge 92 is followed by a second edge 94 within a
hold time 96, the false edge 92 is rejected in favor of the
second edge 94. The injection time is then properly deter-
mined from the time difference between the first edge 90 and
the second edge 94.

FIG. 7 is a flow diagram describing the operation of the
test instrument 10 according to the method of the present
invention described in detail above. In step 100 labeled
SAMPLE INJECTION SIGNAL, the injection signal 40 is
coupled to the test instrument 10 to be sampled by the ADC
50 and the digital samples from the ADC 50 are stored as a
time-ordered array in the memory 52 (shown in FIG. 2).

In the step 110 labeled DETERMINE FIRST EDGE, the
microprocessor 54 operates on the digital samples stored in
the memory 52 to determine the first edge encountered in the
injection signal 40. The first edge is defined as a negative
going voltage transition exceeding the predetermined step
size in less than the predetermined step time.

In the step 120 labeled DETERMINE SECOND EDGE,
the microprocessor 54 operates on the digital samples stored
in the memory 52 to determine the second edge encountered
in the injection signal 40. The second edge is defined as a
positive going voltage transition exceeding 80% of the
battery voltage Vbatt according to the predetermined step
size in less than the predetermined step time followed by a
voltage at approximately the battery voltage Vbatt exceed-
ing the hold time. At the same time, any intervening false
edges that occur before the second edge may be rejected
according to this criteria.

In the step 130 labeled DETERMINE TIME DIFFER-
ENCE BETWEEN FIRST AND SECOND EDGES, the
time difference between the first and second edges are
determined based on their location in the time-ordered data
of the memory 52. The time difference represents the
injection time which is the total amount of time the fuel
injector valve remains open, allowing fuel to flow through it.

In the step 140 labeled DISPLAY INJECTION TIME, the
time difference determined in the process 130 may be
visually displayed in a format useful for the application. For
example, the time difference may be displayed numerically
for the present value. The time difference may also be
displayed graphically, such as a series of time differences
gathered over a selected period of time. The injection time
may be incorporated into other measurements, such as duty
cycle, which are calculated results requiring numerical data
to operate on.

It will be obvious to those having ordinary skill in the art
that many changes may be made in the details of the above
described preferred embodiments of the invention without
departing from the spirit of the invention in its broader
aspects. For example, the predetermined voltage level and
predetermined time may be readily changed to better dis-
criminate edges based on improved knowledge of the injec-
tion signal likely to be encountered. The first and second
edges may be readily redefined according to different con-
figurations of fuel injector types. For example, the first edge
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may be re-defined as a positive transition and the second
edge re-defined as a negative transition for a fuel injector
type having a switching transistor coupled to the battery
voltage rather than ground, which is commonly referred to
as high side switching. Therefore, the scope of the present
invention should be determined by the following claims.

What I claim as my invention is:

1. A test instrument for measuring injection time of a fuel
injector for an internal combustion engine, comprising:

(a) a voltage probe coupled to said fuel injector for

receiving an injection signal;

(b) a digitizer adapted for converting said injection signal
to digital samples;

(c) a memory coupled to said digitizer for storing said
digital samples;

(d) a microprocessor coupled to said memory for receiv-
ing said digital samples, determining from said digital
samples a first edge and a second edge of said injection
signal while rejecting false edges, and further deter-
mining an injection time from said first edge and said
second edge; and

(e) a display for visually displaying said injection time.

2. A test instrument for measuring an injection time
according to claim 1 wherein said first edge comprises a
negative going voltage transition of said injection signal
exceeding a predetermined step size in less than a predeter-
mined step time.

3. A test instrument for measuring an injection time
according to claim 2 wherein said second edge comprises a
positive going voltage transition of said injection signal
exceeding said predetermined step size in less than said
predetermined step time followed by said injection signal
being substantially equal to a battery voltage exceeding a
hold time.

4. A test instrument for measuring an injection time
according to claim 3 wherein said predetermined step size is
approximately equal to eighty percent of said battery volt-
age.

5. A test instrument for measuring an injection time
according to claim 3 wherein said predetermined step time
is approximately equal to forty microseconds.

6. A test instrument for measuring an injection time
according to claim 3 wherein said hold time is chosen to
optimally discriminate between said false edges and said
second edge.

7. A test instrument for measuring an injection time
according to claim 1 wherein said digitizer further comprises
an analog to digital converter.

8. A test instrument for measuring an injection time
according to claim 1 wherein said fuel injector comprises
one of a plurality of types including a saturated driver
injector, a modulated driver injector, and a peak and hold
driver injector.
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9. In a test instrument for measuring an injection signal
from a fuel injector for an internal combustion engine, a
method for determining injection time from said injection
signal, comprising:

(a) receiving said injection signal from said fuel injector;

(b) digitizing said injection signal to obtain digital

samples;

(c) storing said digital samples in a memory as a time-

ordered array;

(d) determining a first edge of said injection signal from
said time-ordered array;

(e) determining a second edge of said injection signal
from said time-ordered array while rejecting false
edges; and

(f) calculating said injection time according to said first
edge and said second edge.

10. A method for determining injection time according to

claim 9 further comprising displaying said injection time.

11. A method for determining injection time according to
claim 9 further comprising determining said first edge
wherein said injection signal has a negative going voltage
transition exceeding a predetermined step size in less than a
predetermined step time.

12. A method for determining injection time according to
claim 11 further comprising determining said second edge
wherein said injection signal has a positive going voltage
transition exceeding said predetermined step size in less than
said predetermined step time followed by said injection
signal being substantially equal to a battery voltage for a
period of time exceeding a hold time.

13. A method for determining injection time according to
claim 12 wherein said predetermined step size is approxi-
mately equal to eighty percent of said battery voltage.

14. A method for determining injection time according to
claim 12 wherein said predetermined step time is approxi-
mately equal to forty microseconds.

15. A method for determining injection time according to
claim 12 wherein said hold time is chosen to optimally
discriminate between said false edges and said second edge.

16. A method for determining injection time according to
claim 9 further comprising digitizing said injection signal
with an analog to digital converter.

17. A method for determining injection time according to
claim 9 wherein said fuel injector comprises one of a
plurality of types including a saturated driver injector, a
modulated driver injector, and a peak and hold driver
injector.



